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©  Circuit  arrangement. 

©  The  invention  relates  to  a  circuit  arrangement  for 
operating  a  discharge  lamp,  comprising  a  DC-AC 
converter  provided  with  switching  elements  and  a 
drive  circuit  for  rendering  the  switching  elements 
alternately  conducting.  The  circuit  arrangement  is 
furthermore  provided  with  a  control  circuit  C  for 
controlling  the  power  consumed  by  the  lamp.  To  this 

end,  the  control  circuit  is  coupled  to  a  current  sen- 
sor.  According  to  the  invention,  the  current  sensor  is 
so  positioned  that  the  power  consumed  by  the  lamp 
can  be  controlled  independently  of  the  build-up  of 
the  drive  circuit  and  that  a  simple  construction  of  the 
control  circuit  C  is  possible. 
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"CIRCUIT  ARRANGEMENT" 

The  invention  relates  to  a  circuit  arrangement 
for  operating  a  discharge  lamp,  comprising  a  DC- 
AC  converter  provided  with 

-  a  circuit  A  suitable  for  being  connected  to  a 
DC  voltage  source,  comprising  two  switching 
elements  for  generating  a  current  with  al- 
ternating  polarity  by  being  alternately  con- 
ducting  and  non-conducting  with  a  frequency 
f, 

-  a  load  circuit  B  comprising  lamp  connection 
terminals,  inductive  means,  and  ends  which 
are  each  connected  to  a  respective  main 
electrode  of  one  of  the  two  switching  ele- 
ments  in  circuit  A, 

-  a  drive  circuit  F  for  generating  a  drive  signal 
for  rendering  the  switching  elements  alter- 
nately  conducting  and  non-conducting  with  a 
frequency  f,  and 

-  a  current  sensor,  and 
-  a  control  circuit  C  coupled  to  the  current 

sensor  and  to  the  drive  circuit  F  for  control- 
ling  a  power  consumed  by  the  lamp. 

Such  a  circuit  arrangement  is  known  from  the 
Netherlands  Patent  Application  8800015.  The  cir- 
cuit  A  is  provided  with  connection  terminals  for 
connection  to  the  DC  voltage  source. 

If  a  lamp  is  operated  by  means  of  the  known 
circuit  arrangement,  a  current  J  whose  polarity 
changes  with  the  frequency  f  flows  through  the 
load  circuit  B,  while  a  substantially  square-wave 
potential  Vp  is  present  between  the  ends  of  the 
load  circuit  B  with  a  repetition  frequency  which  is 
also  equal  to  f. 

The  current  sensor  in  the  known  circuit  ar- 
rangement  is  included  in  circuit  A  as  a  connection 
between  a  connection  terminal  and  a  main  elec- 
trode. 

In  the  known  circuit  arrangement,  firstly,  the 
average  value  of  the  DC  voltage  present  between 
the  input  terminals  of  the  DC-AC  converter  is  kept 
constant  within  narrow  limits  by  means  of  a  circuit 
portion  of  control  circuit  C,  which  is  coupled  to  the 
connection  terminals  of  the  DC-AC  converter.  Sec- 
ondly,  another  circuit  portion  of  control  circuit  C 
measures  the  average  value  of  the  current  through 
the  sensor  and  controls  it  to  a  desired  value.  Con- 
trol  of  the  average  value  of  the  current  through  the 
sensor  may  take  place  by  means  of  a  change  in 
the  conduction  time  of  one  or  both  switching  ele- 
ments  of  circuit  A  or,  alternatively,  by  changing  the 
frequency  f.  A  combination  of  the  two  is  also  possi- 
ble.  The  control  circuit  C  ensures  the  maintainance 
at  a  substantially  constant  level  of  the  power  con- 
sumed  by  the  DC-AC  converter  and  thus  indirectly 
of  the  power  consumed  by  the  lamp  by  keeping 

constant  both  the  average  value  of  the  voltage 
present  between  the  input  terminals  and  the  aver- 
age  value  of  the  current  through  the  current  sensor. 

Since  the  current  sensor  is  present  in  circuit  A, 
5  currents  in  circuit  A  which  do  not  flow  through  the 

load  circuit  B,  such  as,  for  example,  control  cur- 
rents  of  the  switching  elements,  will  influence  the 
operation  of  the  control  circuit  C.  This  is  disad- 
vantageous  since  it  introduces  a  systematic  error 

70  into  the  power  control  of  the  lamp.  The  position  of 
the  sensor  in  such  a  case  also  leads  to  extra  power 
losses  in  the  control  of  the  switching  elements 
since  part  of  the  power  derived  from  the  drive 
circuit  is  dissipated  in  the  current  sensor. 

75  The  invention  has  for  its  object  inter  alia  to 
provide  a  circuit  arrangement  in  which  the  power 
consumed  by  the  DC-AC  converter  can  be  con- 
trolled  in  a  simple  manner,  while  this  power  control 
is  dependent  exclusively  on  the  current  through  the 

20  load  circuit. 
According  to  the  invention,  a  circuit  arrange- 

ment  of  the  kind  described  in  the  opening  para- 
graph  is  for  this  purpose  characterized  in  that  the 
current  sensor  forms  part  of  the  load  circuit  B  and 

25  the  control  circuit  C  is  furthermore  coupled  to  the 
ends  of  the  load  circuit  B. 

These  measures  make  it  possible  to  control  the 
power  taken  up  in  the  load  circuit  B  by  means  of 
the  control  circuit  C.  This  also  leads  to  a  simplified 

30  construction  of  the  control  circuit  C. 
Preferably,  the  control  circuit  C  is  so  designed 

that  a  first  signal  is  generated  therein  which  is  a 
measure  for  the  lamp  power  and  is  compared  with 
a  reference  signal,  which  in  its  turn  is  a  measure 

35  for  the  desired  consumed  power.  The  desired  pow- 
er  may  be  adjustable  in  that  case.  The  result  of  the 
comparison  leads  to  a  control  signal  with  which  the 
drive  signal  in  the  drive  circuit  F  is  so  controlled 
that  the  power  consumed  by  the  lamp  is  substan- 

40  tially  equal  to  the  desired  value. 
A  special  embodiment  of  a  circuit  arrangement 

according  to  the  invention  is  characterized  in  that 
the  control  circuit  C  comprises 

-  a  multiplier  circuit  for  generating  a  signal  Q 
45  which  is  proportional  to  the  product  of  an 

instantaneous  value  of  a  current  through  the 
current  sensor  and  an  accompanying  instan- 
taneous  value  of  a  voltage  between  the  ends 
of  the  load  circuit  B,  and 

so  -  a  circuit  for  generating  a  signal  which  is  pro- 
portional  to  an  average  value  of  the  signal  Q. 
This  embodiment  of  the  control  circuit  C  is 
thus  provided  with  means  for  generating  the 
first  signal,  which  means  can  be  realised  in  a 
very  reliable  manner  and  through  the  use  of 
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simple  components. 
A  further  special  embodiment  of  a  circuit  ar- 

rangement  according  to  the  invention  is  character- 
ized  in  that  the  current  sensor  is  also  coupled  to 
means  for  preventing  capacitive  operation  of  the 
DC-AC  converter.  Capacitive  operation  is  here  un- 
derstood  to  mean  an  operating  condition  in  which 
the  voltage  across  the  load  circuit  lags  behind  the 
current  through  the  load  circuit.  It  is  a  characteristic 
of  capacitive  operation  that  each  of  the  switching 
elements  is  made  conducting  at  a  moment  at 
which  the  voltage  across  the  relevant  switching 
element  is  high. 
This  leads  to  a  comparatively  high  power  dissipa- 
tion  in  the  switching  elements,  which  usually  ad- 
versely  affects  the  lives  of  the  switching  elements. 

Since  a  DC-AC  converter  can  switch  over  from 
inductive  operation  to  capacitive  operation  owing  to 
a  change  in  the  drive  signal,  it  is  advantageous  to 
combine  a  circuit  arrangement  according  to  the 
invention  with  means  for  preventing  capacitive  op- 
eration  of  the  DC-AC  converter. 

The  invention  will  be  explained  in  more  detail 
with  reference  to  a  drawing  of  an  embodiment. 

In  the  drawing 
Fig.  1  is  a  diagrammatic  representation  of  the 

build-up  of  an  embodiment  of  a  circuit  arrangement 
according  to  the  invention, 

Fig.  2  shows  in  greater  detail  the  embodiment 
shown  in  Fig.  1,  and 

Fig.  3  shows  a  preferred  embodiment  of  a 
portion  of  the  control  circuit  C. 

In  Fig.  1,  reference  numerals  1  and  2  denote 
terminals  suitable  for  being  connected  to  poles  of  a 
DC  voltage  source.  The  terminals  1  and  2  are 
connected  to  ends  of  a  circuit  A,  which  comprises 
two  switching  elements.  Each  end  of  load  circuit  B, 
which  comprises  inductive  means,  lamp  connection 
terminals,  and  a  current  sensor,  is  connected  to  a 
respective  main  electrode  of  one  of  of  the  two 
switching  elements  of  circuit  A.  A  lamp  is  con- 
nected  to  the  lamp  connection  terminals  of  load 
circuit  B. 

F  is  a  drive  circuit  for  generating  a  drive  signal 
for  making  the  switching  elements  of  circuit  A 
alternately  conducting  with  a  frequency  f. 

C  is  a  control  circuit  for  controlling  a  power 
consumed  by  the  lamp.  To  this  end,  the  circuit  C  is 
coupled  to  the  current  sensor  and  to  ends  of  the 
load  circuit  B.  These  couplings  are  shown  in  Fig.  1  . 
Control  circuit  C  comprises  a  circuit  D  for  generat- 
ing  a  first  signal  which  is  a  measure  for  the  power 
consumed  by  the  lamp.  The  control  circuit  C  also 
comprises  a  circuit  E  for  generating  a  control  signal 
which  is  a  measure  for  a  difference  between  the 
first  signal  and  a  reference  signal  which  in  its  turn 
is  a  measure  for  a  desired  value  of  the  power 
consumed  by  the  lamp.  This  control  signal  is 

present  at  an  output  of  circuit  t.  mis  output  is 
connected  to  an  input  of  drive  circuit  F.  Drive 
circuit  F  is  connected  to  the  switching  elements  of 
circuit  A.  Drive  circuit  F  governs  the  conduction 

5  time  of  the  switching  elements  and/or  the  frequen- 
cy  f  with  which  the  switching  elements  are  made 
conducting  and  non  conducting  in  dependence  on 
the  control  signal.  In  this  way  the  power  consumed 
by  the  lamp  is  substantially  equal  to  the  desired 

w  value. 
In  Fig.  2,  switching  elements  S1  and  S2  and 

diodes  D1  and  D2  form  the  circuit  A. 
Load  circuit  B  comprises  a  coil  L,  lamp  con- 

nection  terminals  K1  and  K2,  capacitors  C1  and 
15  C2,  and  a  current  sensor  SE.  The  coil  L  in  this 

embodiment  forms  the  inductive  means.  A  lamp  La 
is  connected  to  the  lamp  connection  terminals. 

Terminals  1  and  2  are  interconnected  by  a 
series  circuit  of  switching  elements  S1  and  S2  in 

20  such  a  way  that  a  main  electrode  of  switching 
element  S1  is  connected  to  terminal  1  and  a  main 
electrode  of  switching  element  S2  to  terminal  2. 
Switching  element  S1  is  shunted  by  the  diode  D1 
in  that  an  anode  of  the  diode  D1  is  connected  to  a 

25  common  junction  point  P  of  the  two  switching  ele- 
ments  S1  and  S2.  Switching  element  S2  is  shunted 
by  the  diode  D2  in  that  an  anode  of  the  diode  D2  is 
connected  to  terminal  2. 

Switching  element  S2  is  also  shunted  by  a 
30  series  circuit  of  the  coil  L,  the  lamp  La,  the  capaci- 

tor  C2  and  the  current  sensor  SE,  which  in  the 
embodiment  shown  is  formed  by  a  resistor.  The 
lamp  La  is  shunted  by  a  capacitor  C1  . 

An  end  of  the  current  sensor  SE  coinciding 
35  with  an  end  of  the  load  circuit  B  is  connected  to  an 

input  3  of  the  circuit  D.  A  further  end  of  the  current 
sensor  is  connected  to  a  further  input  4  of  the 
circuit  D.  A  third  input  5  of  the  circuit  D  is  con- 
nected  to  the  common  junction  point  P  of  the  two 

40  switching  elements  which  coincides  with  a  further 
end  of  the  load  circuit  B.  An  output  6  of  circuit  D  is 
connected  to  an  input  of  circuit  E,  and  an  output  of 
circuit  E  is  connected  to  an  input  of  drive  circuit  F. 
An  output  of  the  drive  circuit  F  is  connected  to  a 

45  control  electrode  of  the  switching  element  S1  and  a 
second  output  of  the  drive  circuit  F  is  connected  to 
a  control  electrode  of  the  switching  element  S2. 

The  operation  of  the  converter  shown  in  Fig.  2 
is  as  follows. 

50  When  the  terminals  1  and  2  are  connected  to 
poles  of  a  DC  voltage  source,  the  drive  signal 
renders  the  switching  elements  S1  and  S2  alter- 
nately  conducting  with  a  frequency  f.  Thus  the 
common  junction  point  P  of  the  two  switching  ele- 

55  ments  is  alternately  connected  to  the  negative  and 
the  positive  pole  of  the  DC  voltage  source.  As  a 
result,  a  substantially  square-wave  voltage  Vp  with 
a  repetition  frequency  f  is  present  at  junction  P. 

3 
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This  substantially  square-wave  voltage  Vp  causes  a 
current  J,  whose  polarity  changes  with  the  repeti- 
tion  frequency  f,  to  flow  in  circuit  B.  A  phase 
difference  exists  between  Vp  and  J  which  depends 
on  the  repetition  frequency  f. 

The  circuit  D  generates  a  signal  which  is  a 
measure  for  the  average  value  of  the  product  of  the 
instantaneous  value  of  the  substantially  square- 
wave  voltage  Vp  and  the  accompanying  instanta- 
neous  value  of  the  current  J.  This  signal  is  a 
measure  for  the  average  value  of  the  power  con- 
sumed  by  the  lamp  and  acts  as  a  first  signal  in  this 
embodiment.  In  circuit  E,  a  control  signal  is  gen- 
erated  which  is  a  measure  for  the  difference  be- 
tween  the  first  signal  and  a  reference  signal  which 
is  a  measure  for  the  desired  average  value  of  the 
power  consumed  by  the  lamp.  This  control  signal 
is  present  at  the  input  of  drive  circuit  F.  By  means 
of  the  control  signal,  the  drive  circuit  F  adjusts  the 
drive  signal  in  such  a  way  that  the  average  value  of 
the  power  consumed  by  the  lamp  is  substantially 
equal  to  the  desired  value.  The  average  value  of 
the  power  consumed  by  the  lamp  may  be  con- 
trolled  by  means  of  the  drive  signal  in  that  the 
conduction  times  of  the  two  switching  elements 
and/or  the  frequency  f  are  controlled. 

In  a  practical  embodiment  of  the  circuit  ar- 
rangement  shown  in  Fig.  2,  the  current  sensor  SE 
was  a  resistor  of  approximately  0,5  Ohm.  The 
frequency  f  was  approximately  28  kHz.  It  was 
found  to  be  possible  to  operate  lamps  of  widely 
differing  power  ratings  and/or  gas  fillings  by  means 
of  this  practical  embodiment  of  the  circuit  arrange- 
ment.  During  this,  the  power  consumed  by  the 
lamp  did  not  vary  by  more  than  5%  from  lamp  to 
lamp. 

Fig.  3  shows  a  preferred  embodiment  of  the 
circuit  D. 

In  Fig.  3,  reference  numerals  3,  4  and  5  denote 
connection  terminals  of  a  multiplier  circuit  I.  Termi- 
nal  3  is  intended  for  connection  to  one  side  of  the 
current  sensor  SE  which  coincides  with  an  end  of 
the  load  circuit.  Terminal  4  is  intended  for  connec- 
tion  to  a  further  side  of  the  current  sensor  SE. 
Terminal  5  is  intended  for  connection  to  a  further 
end  of  the  load  circuit  B. 

If  the  preferred  embodiment  of  the  circuit  D  is 
connected  to  an  operating  DC-AC  converter,  a  volt- 
age  which  is  proportional  to  the  instantaneous  val- 
ue  of  the  current  through  the  current  sensor  SE  is 
present  between  the  terminals  3  and  4.  A  voltage 
which  is  proportional  to  the  instantaneous  value  of 
the  voltage  between  the  ends  of  the  load  circuit  B 
is  present  between  the  terminals  3  and  5. 

If  the  current  sensor  is  not  positioned  in  the 
load  circuit  B  in  such  a  way  that  one  side  of  the 
current  sensor  forms  an  end  of  the  load  circuit  B, 
i.e.  different  from  what  is  shown,  for  example,  for 

the  embodiment  in  Fig.  2,  it  is  necessary  to  provide 
the  circuit  D  with  four  connection  terminals  for 
connection  to  the  two  ends  of  the  load  circuit  B 
and  the  two  sides  of  the  current  sensor. 

5  At  an  output  of  the  multiplier  circuit  I  there  is  a 
signal  Q  which  is  proportional  to  the  product  of  the 
instantaneous  value  of  the  voltage  between  the 
ends  of  the  load  circuit  B  and  the  instantaneous 
value  of  the  current  through  the  current  sensor  SE. 

w  The  output  of  the  multiplier  circuit  I  is  con- 
nected  to  an  input  of  a  circuit  II  for  generating  a 
signal  which  is  proportional  to  an  average  value  of 
the  signal  Q.  The  signal  which  is  proportional  to  an 
average  value  of  the  signal  Q  is  present  at  output 

75  terminal  6  of  circuit  II  and  is  suitable  for  functioning 
as  a  first  signal  proportional  to  the  lamp  power. 

Claims 
20 

1.  A  circuit  arrangement  for  operating  a  discharge 
lamp,  comprising  a  DC-AC  converter  provided 
with 

-  a  circuit  A  suitable  for  being  connected 
25  to  a  DC  voltage  source,  comprising  two 

switching  elements  for  generating  a  cur- 
rent  with  alternating  polarity  by  being  al- 
ternately  conducting  and  non-conducting 
with  a  frequency  f, 

30  -  a  load  circuit  B  comprising  lamp  connec- 
tion  terminals,  inductive  means,  and  ends 
which  are  each  connected  to  a  respec- 
tive  main  electrode  of  one  of  the  two 
switching  elements  in  circuit  A, 

35  -  a  drive  circuit  F  for  generating  a  drive 
signal  for  rendering  the  switching  ele- 
ments  alternately  conducting  and  non 
conducting  with  a  frequency  f,  and 

-  a  current  sensor,  and 
40  -  a  control  circuit  C  coupled  to  the  current 

sensor  and  to  the  drive  circuit  F  for  con- 
trolling  a  power  consumed  by  the  lamp, 
characterized  in  that  the  current  sensor 
forms  part  of  the  load  circuit  B  and  the 

45  control  circuit  C  is  furthermore  coupled 
to  the  ends  of  the  load  circuit  B. 

2.  A  circuit  arrangement  as  claimed  in  Claim  1, 
characterized  in  that  the  control  circuit  C  com- 

50  prises 
-  a  multiplier  circuit  for  generating  a  signal 

Q  which  is  proportional  to  the  product  of 
an  instantaneous  value  of  a  current 
through  the  current  sensor  and  an  ac- 

55  companying  instantaneous  value  of  a 
voltage  between  the  ends  of  the  load 
circuit  B,  and 

-  a  circuit  for  generating  a  signal  which  is 

4 
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proportional  to  an  average  value  of  the 
signal  Q. 

A  circuit  arrangement  as  claimed  in  Claim  1  or 
2,  characterized  in  that  the  current  sensor  is 
also  coupled  to  means  for  preventing  capaci- 
tive  operation  of  the  DC-AC  converter. 
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